siRNA-Mediated Gene Silencing
For delivery of siRNAs into epithelial cell lines, siRNAs were transfected with lipofectamine 2000 (Invitrogen), using 200 pmol siRNA + 7 μl lipofectamine/well in a 6-well format. 18 hours after the transfection, cells were infected and analyzed after 24 hours. M2 knockdown efficiency was analyzed by flow cytometric analysis, using the M2-E10 antibody, and by Western blot analysis using the M2 14-C2 antibody.
The Atg12 specific siRNA was purchased from Dharmacon composed of Atg12 sense 5'-GUGGGCAGUAGAGCGAACAUdT-3' and Atg12 antisense 5'-UCAUGUAGUAGCAAGUUGAUdT-3'. The M2 specific siRNA was purchased from Invitrogen (stealth modified): M2 sense 5'-UUUCUGAUAGGCGUUUCGACCUCGG-3' and M2 antisense 5'-CCGAGGUCGAAACGCCUAUCAGAAA-3'.
M2-Deficient Recombinant Influenza A/PR8/34 Virus Generation
A recombinant influenza virus that expresses only the extracellular domain (aa 1 to 25) of the M2 was generated according to methods described elsewhere (McCown and Pekosz, 2005) . The A/WSN/33 M segment was mutated such that codons 27 and 28 of the M2 open reading frame were mutated to stop codons by PCR mutagenesis ( Figure S3A (Fodor et al., 1999; Quinlivan et al., 2005) . Sequencing of the rescued PR8:WSN M ΔM2 virus confirmed the retention of the two stop codons in the M segment ( Figure S3B ). Plaque assays indicated that while the PR8:WSN M virus formed plaques on wild-type or M2 complementing MDCK cells, the PR8:WSN M ΔM2 virus could not form plaques on non-complementing MDCK cells ( Figure S3C ).
Immunocytochemistry and Confocal Microscopy
Epithelial cells were grown on microscopy cover glasses in 24 well plates. Cells were fixed in 3% paraformaldehyde in PBS for 15 min and permeabilized in 0.1% Triton X-100 in PBS for 3 min. Primary and secondary antibodies were applied in PBS 1X 0.1% saponin + 10% of serum from the species of the secondary antibody for 45-60 min, followed by three 5 min-washes in PBS 1X.
Finally, cells were stained with DAPI nucleic acid stain (Invitrogen-Molecular Probes) for 1 min and cover glasses were mounted onto microscope slides using Aqua Polymount (Polysciences) or Prolong Gold antifade reagent (Invitrogen-Molecular Probes). All steps were carried out at room temperature. Cells were analyzed either on an Olympus wide-field microscope with a 60x or 100x/1.4 N.A. oil immersion lens and pictures were processed with the Image J or the Metamorph Software (Universal Imaging Corporation) or on an inverted LSM 510 laser scanning confocal microscope (Zeiss Axiovert 200) with a 63 or 100x/1.4 N.A. oil immersion lens using a pinhole diameter of 1 Airy unit. Pictures were taken with the LSM 510 confocal software (Zeiss). For colocalization analysis, serial optical sections were acquired, and images were then deconvoluted using Huygens software. Pearson coefficients were calculated using the Imaris 6.3.0 or Image J software.
Live Cell Imaging
Cells were grown on 35 mm culture dishes with No. 1.5 coverglass inserts (MatTek Corporation) and infected with influenza virus as described above. 24 hours post-infection, medium was replaced by CO 2 -independent Medium 199 supplemented with 10% FCS, 2 mM glutamine and 25 mM Hepes (Gibco) prewarmed to 37ºC. For staining of acidic compartments, 50 nM Lysotracker Red (Molecular Probes) was added to the medium. After 30 min, medium was replaced with fresh supplemented Medium 199 and cells were analyzed on an inverted Zeiss Axiovert 200 microscope equipped with an UltraView spinning disk confocal head (Perkin-Elmer) and a 37ºC environmental chamber, using a 63x/1.4 N.A. oil immersion lens. Pictures were taken at various intervals with a Hamamatsu Orca ER cooled CCD camera using Metamorph Software (Universal Imaging Corporation).
Electron Microscopy
Human lung epithelium A549 cells with and without influenza infection were fixed for 1h at RT with 4% paraformaldehyde (PFA, Electron Microscopy Sciences) in 0.25 M Hepes, pH 7.4, followed by overnight fixation at 4°C in 8% PFA/Hepes. Cells were embedded in 5% gelatin in PBS, small pieces of gelatin pellets were infiltrated overnight at 4°C with 2.3 M sucrose in PBS, mounted onto cryospecimen pins and frozen in liquid nitrogen. Ultrathin sections (80 nm) were cut using a Leica ultracut ultramicrotome with an FCS cryoattachment at -108°C and collected on formvar-and carbon-coated nickel grids using a 1:1 mixture of 2% methyl cellulose (25 centipoises; Sigma) and 2.3 M sucrose in PBS. Sections were infiltrated for 10 min on ice with a mixture of 1.8% methylcellulose and 0.5% uranyl acetate (Electron Microscopy Sciences), washed 3x in 0.5% uranyl acetate/1.8% methylcellulose and air-dried. Samples were analyzed in a Tecnai 12 Biotwin (FEI) microscope and pictures were taken using Kodak 4489 film.
Lysate Preparation, SDS-PAGE, and Immunoblotting
Cells were lysed in ice cold lysis buffer (50 mM Tris-HCl pH 8.0, 140 mM NaCl, 1.5 mM MgCl 2 , 0.5% NP-40 with Complete protease inhibitor cocktail from Roche) for 10 min on ice (about 10 6 cells/200 μl). Whole cells and cell debris were pelleted by low speed centrifugation (400 g, 3 min) and cleared supernatants were transferred to a new tube. Protein concentration was determined by BCA protein assay (Pierce). Samples were boiled for 5 min in the presence of 4x SDS-PAGE-loading buffer (250 mM TrisHCl pH 6.8, 40% glycerol, 8% SDS, 0.57 M β-mercaptoethanol, 0.12% bromophenol blue). Equal amounts of protein were run on 12% SDS-PAGE gels and transferred onto a PVDF membrane (Hybond-P, Amersham Biosciences). Primary antibodies were visualized with HRP-conjugated goat anti-rabbit or antimouse IgG and the ECL plus detection system (Amersham Biosciences).
Immunoprecipitation
Cells were lysed in isotonic TBS (150mM Nacl, 50mM Tris-HCl, pH=8) plus 1% NP40 and 1% Triton X-100 as well as complete protease inhibitors (Roche). Lysates were pre-cleared for 1 hour and supernatants were immunoprecipitated overnight at 4C with Proteine-G sepharose beads (GE Healthcare) coupled with the antibody of interest. Immunocomplexes were washed 4 times and subjected to westernblotting.
Hemagglutinin ELISA
An enzyme immunossay kit specific for Influenza A virus by GenWay (San Diego, CA, USA) was used to determine viral protein release in culture supernatants of infected cells.
Quantification of Viral RNA
Cellular RNA was extracted using a QIAGEN RNeasy Mini kit and viral RNA from the supernatants was isolated using a QIAGEN viral RNA isolation kit. First strand cDNA was synthesized using Improm-II reverse transcription (RT) kit (Promega, Dübendorf, Switzerland). RT product was diluted 500 fold and used as a template for quantitative PCR (qPCR) on a BioRad MyIQ detection system with Platinum Quantitative PCR SuperMix-UDG (Invitrogen).The following specific forward (F) and reverse (R) primer pairs (all Eurofins MWG, Ebersberg, Germany) were used: 
Influenza Virus Titration
Viral titers were determined from supernatants of Atg5 +/+ and Atg5 -/-cells infected with the influenza A/WSN/33 virus. Briefly, aliquots of 1 ml of serial 10-fold dilutions of infectious supernatants collected at 24 hours post-infection, were inoculated into Madin-Darby canine kidney (MDCK) cells in 6-well plates. After 1 hour of incubation at 37 C, each well was overlaid with 2 ml of agar medium. 48 hours later, the number of plaques in each well was determined.
Statistics
Statistical analyses were performed with the paired two-tailed Student t-test, the Mann-Whitney U test or the Pearson's chi-squared test as indicated. The p value of significant differences is reported. Plotted data represent mean plus standard deviation (SD), unless otherwise stated.
